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I N TRODUCT ION

Vectored wind velocity i nfori lation is needed to accurately quanti fy high
velocity ord~nance ballistics , scatteri ng of high energy lasers , optica l
coninunication data rates in l ower atmospheric scintillation , aircraft
vortex motion , and so forth. Due to the physical size of these events ,
integrated wind measurements over long path lengths must be obtained.
Since direct wind metering devices are point measurement systems, they
uiust be used in an array (Fig. 1). To design and operate an arrayed
system in a field environment , unique attributes must be engineered
into that system. At present , acoustic or propeller dri ven anemometers
are used to measure direct wind. Since acoustic devi ces are very
expensive from a per unit standpoint ($30,000), they were not consid-
ered for use in a multisensor arrayed system . The less expensive
propeller driven devices (less than $1 ,000 each) were chosen as the prin-
cipal transducer of the system. Wi th this hardware restriction imposed ,
tne field array system should possess the following qualities :

Accurate , reliable measurement of wind ve1ociti~s

Ability to support a large nunter of remote units over long path
lengths

Interactive operator control and automated operation

High dynamic range and the ability to inhibit antiguous counts*

Low ins tallation , maintenance , and servicing costs and easy fault
analysis

Low battery power consumption at remote units and minimal line
installation and maintenance times

Ability to function under severe environmenta l conditions

Ability to present data in a format suitable for digi tal analysis

Ability to maintain calibration in hostile environments

*An antiguous count is i nduced by shaft oscillations about a point
where the oscillations are erroneously interpreted as complete shaft
rotation.
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Lxist iny stand—alone propeller dr iven ane~ometer systems fall into these
two classes :

Analog: wind speed -to-shaft rotation-to-dc voltage conversion

Electro -opt ical :  wind speed-to-shaft rotation—to-electronic pulse
conversion.

Analo g methods , though low power (i.e., a source rather than sink), are
prone to los e calibration , become corrupted with analog noise over long
transi lission paths , and require multi—input summi ng amplifi ers to process
arrayed data or an A/D converter if computer analysis is required.
Although capable of maintaining calibration and signal i ntegri ty over
long path len~tns , existing transistor to transistor log ic (TTL) electro-
opti cal aner~ometer methods consume too much power for remote fi eld use(i.e., high power dLjital logic), do not resolve the antiguity problem ,
and require custom communication interfacing if asynchronous array data
processing is to be allowed . Therefore , existing systems would not
sati sfy the previously stated design objectives .

The decision was to design an electronic syste l which would possess as
many of the desired attributes as possible. To expedite the design pro-
cesses , the mechanica l housing , bearing assently, and propeller of an
existing analog anemome ter were left i ntact. The dc motor was replaced
with an electromechanica l system . The output of the anemometer device
was a pulse train in one—to-one correspondence with shaft rotations.
Cdlibration was performed in a l ow-speed wind tunnel or by use of nianu-
facturer ’s supplied air screw information . Unlike the analog system ,
which is prone to lose calibration due to amplifi er dri ft and vari-
ability in a long l ow-grade analog communication channel , the digi tal
system will perform accurately over long periods of time ; that is , the
anemometer will remain calibrated as long as the propeller and bearing
assembly rem ain structurely unchanged. The electronic signal produced
by the new transducer was processed by custom—designed low-power CMOS
hardware . The enti re system was then interfaced to an asynchronous
communication line and microprocessor.

The developed system was capable of supporting up to 128 wind monitoring
stations (Fig. 2). Each station consists of battery power supply,
electronics , and three orthogonal anemometers (denoted U, V , and W
directi ons). Each remote stati on was connected to an i nexpensive low-
grade twisted pair of wi res. The line dri vers used were rated at
1 •lbit/sec at 2.5 km. The system was controlled through the use of a
;~ational IMP-16-P licroprocessor.
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SYSTE~1 ,~RC HI TECT U RE

All point-to-point data and control communication was accomplished
through a 20-bit wo rd consist ing of 16 bits of information and two
start and two stop bits . Conceptual ly, the developed system func-
ti oned as fol lows:

The pulse  t ra in  result i n g from anemometer shaft rotations , inc lud-
ing directi on, were s haped , prep rocessed (scal ed), and presented to an
up/down counter.

The up/dow n counter stored the algebraic count initiated wi th a
system cl ear-start request. This computer-issued command was received
by al l remote stati ons si~r~ltaneous1y.

The remote uni ts were allowed to accumulate data over a user
su pplied data collecti on i nterval. At the end of that i nterval , a
system-wi de terminate command was issued to all stations .

The U , V . and W components of any on—l ine station were then
randomly accessed. This initiated a series of events which transferred
the appropriate wind component data from the chosen remote station to
a custo m CMOS asynchronous serial transmitter. The parallel loaded
data were then transmi tted to the computer for storage and future
anal~si s.

In sof twa re , the current and previous counts from a randomly accessed
location are differenced. W indspeed can easily be computed from
knowled ge of the differential count and the averagi ng i nterval .

In  a d d i t i o n , the current U and V direction counts are compared agains t
400016. As long as the U and V counts are below this value , their
16-bit accumulators are assumed to be safe from overflowing duri ng the
next averaging interval. If all randomly accessed U and V components
pass this test, no system—wide clear command is issued at the end of
the data acquisition sequence . The inhibiting of the clear command
releases more system time for actual data collecting. If the test fails ,
a system-wide clear command is issued and counting resumes from zero.
Since the 12-bit W com ponent accumulates only extremely low velocity
vertical wind informati on, no overfl ow sensing software test is provided
in this directi on .

Figure 3 shows the mechanizati on of this design philosophy . Certain
hardware features of the system, whose implementation is unique to the
system deve l oped, will now be investigated in detail.
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Hardware Consideration

Anemometer. Figure 4 shows the developed anemometer (not to scale).
The anemometer uses a shaft encoding disk to convert shaft rotati ons
into electronic pulses . The overlaping shots on the disk wi l l  create
distinctive pulse patterns for clockwise and anticlockwise rotations .
The two channels of opticall y sensed data are oresented to the amhiouitv
resolution Circuit ~1~npendix). The count and siri n information created
in the amh iriuit y resolver is sent to the scalinn prenrocessor.

Scaler. The up/down counter used to acc umulate the shaft rotation
counts was 16 bits in length in the horizontal U-V directions . Upon
computer request, the 16-bit count would be transmitted asynchronously
back to the computer. However , under high average wind conditi ons and
long ave raging i ntervals , the up/down counter could eas i ly  overflow
within an averagi ng interval. To overcome the problem of i nter-interval
overf low , a programmed divider, or scaler , was used . The division
opt ions are 1, 2, 4, and 16. The user will initially specify a scale
factor . During execution , if the data are in danger of causin g an over-
flow wi thin an averaging interval , system software will automatically
cause the next largest scale facto r to be implemented. Since vertical
winds (i .e., W direction) are of low velocity , no scaling hardware was
p rov id ed for this  componen t.

li ni ng and Control. The developed system used a 1 MHz CMOS crystal
control clock. Sixteen clock pulse were used to define a data bit
interval. The resu lti ng 62.5 kHz data rate exceeded an a priori design
acquisition rate of 0.5 second per system measurement. The reduced data
rate w i l l  a lso a l low the system to comunica te over len g ths in  excess of
5 km. If higher data rates were required , a hi gher master clock rate
coul d b e used. However , the increased data rate woul d result  i n shorter
transmission lengths and increased power requirements (i.e., CMOS power
requirements are proporti ona l to s peed of operation).

Line Drives. The line dri vers used were Nati onal 7831 (see the
insert diagram of Fig. 2).

~1icroprocessor. A National IMP-l6—P microprocessor was interfaced
to the developed system through the use of tn -state logic. The computer
controlled the anemometer system through the issuance of scaling , termi-
nation counti ng , clear counters , and data request commands . Each compo-
nent of wind at each station was assigned a unique random access address.
The address was coded on an 8-pole DIP switch . An ASR-33 teletype was
used as a hard copy data logger , program input device , and operator
console. The operating system can be entered from paper tape or from
four 8 by 256 proyraninabl e read only memories (PROMS). Figure 5 is a
block diagram of the developed data acquisition software system .

I , 
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OPERAT I ON

Once the system has been field assentled and the operating system loaded ,
the operator initiates the program. Under the prompting of the computer ,
the user enters calendar , tir:le of day , averaging i nterval s total time ,
and ini tial scaling i nformation . The system wil l operate automatically
thereafter.

L i ne f a u l t  anal ys is i s performed by issui ng a clear , start count , transmi t
data command to each remote address. Based on a 3 rn/sec latency between
a start followe d itimediately by a stop count command , a wind of l ess than
100 Ill/sec wi l l  return a zero count to the computer. A line fault is indi-
cated by the reception of l7777~. Since each remote station ’s position
is kno~vn on the commun i cation l i n e, the location of a l i n e  fau l t  can be
easily determi ned.

RESULTS

A system as described in this work was fabricated and tes ced at Uiggs
Army A i rfield , El Paso , Texas , and at the University of Texas at
El Paso . The remote stati on was dssembled on a wire wrap prototyping
board and mounted in a 9 by 9 by 3 chassis box. The computer inter-
face and control was mounted on a 144—socket prototyping 1/0 card.
The system has operated accurately and relia bly during the initial
test phase. Anemometer calibrati on would normally be performed in a
low—speed wind tunnel. The developed system used the manufacturer ’s
propeller -to-wi nd speed conversion factor for calibration . The system
operated unattended for 30 days with a 6-V motorcycle battery at the
prototype remote stations. During the test phase , the an l i g u i t y
resolution circui t asynchronous communication loop , automated overflow
protection software, and fault analysis performed successfully.

Data samples obtained duri ng the evaluation phase are presented in

— - 
Fi gs. 6 through 8. The data are to be i nterpreted with respect to the
follow i ng format:

MONTH DAY identify
GMT : HRS MINS H U experiment
TOT TM: HR MN H H total time
INTRVL : MN SC averaging interva l
DIV INOX division i ndex

0000 = 1
0001 = 2
0002 = : 4
0003 = : 16

CALIB: +/- ### - (+ or - nomi nal value )

12

: ~1-~ 
— -‘~~~~~~~~~~~~~~ -~~~~~~



Data

Hour Minute S = U Component (M/s) S = V Component (M/V) S = W Component (M/S)

where

S = a
1 a

2 a3 a4 a5 
= lOa 1 + a2 + l0~ a3 + 10-2 a4 + iü~~ a~

During the prototype evaluation phase , the U , V, and W channels were
d riv l n by a connnon anemometer. This technique was used because:
(1) successful U, V . W opera tion cou ld be easily verifi ed (i.e., all
three channels should present sir~ilar data), and (2) it reduced thecost of building a prototype system since only one anemometer needed
to be fabricated .

The partial data base presented in Fig. 6 represents the result of a
5— irminute experiment using 5-second averaging i ntervals. Calibration
data were supplied from manufacturer ’ s suggestions , and the division
index was chosen to be 000 = 1. The wind value was near 3.6 msec.
Figure 7 describes another test performed under similar experi r~entalconditio ns , except the calibrati on factor was given a positive correc-
ti on from its nominal value.

The partial data base shown in Fig. 8 represents an experiment with a
si3u l ated high wind deri ved from a 16—inch fan . In the presence of high
~iinds , a division index of 0003 = 16 was chosen . The first test
(Fig. 8a) was perform ied with the anemometer in an upwind position for
5 ~i nutes and the data l ogged (note the algebraically negative winds).
The pro~rai i was reini ti ated with the anemometer in a dowrMind position.
~ll but the fi rst 5-second data record were positive. The first record
was negative becaus e the anemometer was reversed during the first
5-second averaging interva l of experiment described in Fig. 8b. The
absolute magnitudes of the winds (Fi gs . 8a and 8b) are different
because the anemometer was not in perfect orthogonal up and down wind
posi tions. The data presented in Fig. 9 represent a partial record of
a 1-hour 30-second averaging interva l experiment performed on
11 ,Jovember 1975 at Biggs A rmy Ai rfield, El Paso, Texas . The average
windspeed ranged from 7.616 ni/sec at 14 hours 4 mi nutes 30 seconds GMT
to 2.145 m/sec at 14 hours 56 minutes 30 seconds GIlT. For demonstration ,
the rotor was manually blocked and rotated counterclockwise during
execution . Figu re 9 shows results of these actions.

Thc ~ component found at 2 minutes 30 seconds i nto the experiment is
seemi ngly in error. The negative -38921 count is due to an overflow
of the 12-bit ~1 accumulator. No W component overflow protection was
prov ided (see i tem 5 of the system arch itecture descri ption) since
verti cal winds were assumed to be of low velocity . The actual wind
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FIgure 8. Laboratory experiment.
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Figure  10. Error detection .
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count loaded i nto the W direction accumulator was obtained from the
horizontally deployed anemome ter. The high count found in this
direction caused the 1! component to overflow before the U and V
colliponent overflow test caused a system clear comand to be issued.

Fi9ure 3 dramati zes what would occur if a line fault were detected.
Jur i n~j execution , a seri es of line faults were i nduced and detected ,
and the event was logged on the teletype. The system will detect
absence of count due to remote station failure , noise corrupting
fram i n g code, or comunicat ion 1’ne failure .

CON CLUS IOF~S

The developed system satisfi es the a priori design cri terion . Instru-
ment flexibility t;as achieved through the use of a microprocessor. The
microprocessor capability handled the electronic control and simple data
logging responsibilities . It can also serve as a computer and a mass
storage devi ce comunications controller; therefore , the system can be
i ntegrated i nto a sophisticated meteorological data acquisition system .
The system has performed without fault over extended peri ods of time in
both laboratory and field envi ronments . A new feature or modifi cation ,
the use of a magnetic proxi mi ty shaft encoder instead of an LED device ,
is suggested for inclus ion in any production model . This modi fi cation
and the use of low power MOS line dri vers would allow the system to
operate at a 25 M~ l evel .
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APPENDIX

Ambig uity Resolut ion C i rcu i t

The amb i gu i t y  c i r c u i t  which i n h i b i t s  osc i l la tor y  shaf t  fl uc tua t ions
i s descr ib ed b elow .

°sl g A Al 
~~~~~~~~~~ 

- _ _

SCHMITT D-TYPE ONE
TRIGGER FLIP— SHOT

sig B 81 Q SN

The outputs of the photo-transistors , namely s ig . A and s ig . B
(Fi g. 4), are the two inputs to the Schmi tt Tri gger A (MC14583) which
have built-in hysteresis for i mproved noise i ninunity. The output Al
is latched i nto the flip-flop B at the rising edge of A2. The falling
edge of A2 is used to trigger the one-shot D(MC14528), which resul ts
in a short puLe at the output of the one—shot. However , the ou tput
pus le is inhibited if the state of Al (stored in the flip-flop B) is

— the sai~e as Al at the fa l l i ng ed ge of A2 .

For norma l rotation (Fi g. 4b or 4c), the one—sho t is enabled and a
clock pulse results at CT. However , if the anemometer shaft merely
oscillates about a point (Fig. 4d), the one—shot is disabled and a
no-count results .

The output ~ of the flip-flop is dependent on the direction of rota-
tion and will be HIGH for one direction and LOU for the other.
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